An assessment of the quality climatological information plays an important role in evaluating climate change processes. Such an evaluation is particularly important for generating precise climatological maps. This paper introduces a concept of evaluating the quality of climatological maps based on a fuzzy logic approach. The developed methodology was used for assessing climatological map quality for the Karelia region in Russia. By utilizing a map fuzzy indicator, every climatological map evaluated provided a better assessment of the quality of thematic climatological map data.
Introduction
Climatological information for particular regions are stored in various sources such as archives at different meteorological stations, climatological reference books, publications of various meteorological field experiments, climatological databases, etc. Because data are generated separately, one can expect information from these different sources to have different levels of data quality.
Evaluating climate change relies on data integration from various sources. In such an integration process, good qualitative data are combined with low qualitative data. Therefore, the question arises if the quality of the gathered climatological information is sound and if this data integration can be trusted in assessing global change?
The main problem in assessing the quality of climatological information is related to geo-information (GI) quality problems. Currently, identifying problems associated with GI quality is a subject of a wide debate. Goodchild and Jeansoulin (1998) indicated that an assessment of accuracy requires a comparison between data and reality, but there are many problems in defining reality in connection with geographic data as stated by REVIGIS (2004) that "Before starting any definition, measurement, recording, etc. of information quality, and hence answering the question of: What is the quality of particular information?" Devillers et al. (2004) defined quality as the closeness of agreement between data characteristics and explicit or implicit needs of a user for a given application. Quality requires that user needs be taking into consideration. Research shows that business costs associated with poor data quality can range from 15% to 40% (e.g., rework, returns or complaints, reduced service levels, and loss of revenue) (www.thequalityportal.com/q_index.htm).
At present, analysis of data quality has developed in different directions. Particularly, much attention has been given to the investigation of user needs (Frank, 1998; Gajos, 2004 ). An ontological approach is another way for data quality assessment of spatial databases and has been extensively developed and considered (Jeansoulin & Wilson, 2002; Mostafavi et al., 2004; Pund, 2002; Vasseur et al., 2004) . The use of data quality has received much consideration (Jahn, 2004) , with special attention being given to data quality tools. Bedard et al. (2004) indicated that "experts need data quality tools for helping them to analyze facts, to form their opinion, and to provide advice to non-expert users. These tools need the capabilities to integrate, manage, and visualize the quality of the information and to identify potential risks related to the combinations of data with certain operations."
To resolve specific climatological data quality problems, we propose to utilizing the concept of fuzzy indicators Badenko, 2001, 2002; Kurtener and Yakushev, 2004) . This paper represents the first application of the fuzzy indicator concept for the assessment of climatological information quality. In section 2, the fuzzy indicator concept is outlined. Section 3 describes a case study of its use for assessing the quality of climatological maps for the Karelia region in Russia.
Theoretical basis
The simplest way to evaluate data quality is to use quality indicators in a hierarchical approach. According to this approach, quality information is aggregated from a single data point up to a complete dataset . Hunter (1999, 2002) identified four levels of detail: data set, data layer, feature class, and feature level. In this model, each object at a detailed level inherits the attributes of their parents. ISO/TC 211 (2003) proposed a hierarchy that can be used to store metadata of quality evaluation at different levels of detail. In particular, ISO/TC 211 (2003) metadata levels are: data series (e.g. a series or collection of spatial data), dataset, feature type (e.g. groups of spatial primitives that have a common identity), and attribute type (e.g. digital parameters that describe a common aspect of grounded spatial primitives).
The indicator hierarchy does not have to be balanced (Devillers et al., 2004) . For example, an indicator located at a high level of detail may not be composed with indicators located at a low level of detail. In evaluating the quality of climatological data, we assumed that fuzzy indicator used to determine the quality of climatological information shows a degree or grade of relationship between a real object and its representation in the database.
Two general types of fuzzy indicators that are used to determine the quality of geo-referenced data are identified: 1) the individual trust indicator and 2) the combined trust indicator. The individual trust indicator is defined as the index of trust to (j) attribute data, taking into account the specific user group (i) and the aspect of data (k) to assess quality evaluation. The combined trust indicators are defined using fuzzy aggregated operations. Thus, we define fuzzy indicators as numbers which vary from 0 to 1 (or from -1 to 0) which reflect expert estimations that are modeled by an appropriate membership function.
The choice of membership function is somewhat arbitrary and should mirror the subjective expert opinion. With this assumption in mind, two types of membership function can usually be identified. First, there is the linear approach, which can be represented by a triangularly shaped membership function. Second, there is the non-linear approach that is illustrated by a Gaussian or bell-shaped membership function.
Case study

Annual average maximum air temperature
In this study we assessed the quality of geo-referenced climatological data for the region of Karelia, Russia. In particular, we gathered average maximum and minimum annual air temperature data from various meteorological stations (Table 1) to create appropriate thematic maps.
Using data from Table 1 , we generated a thematic map of average minimum annual air temperature (Figure 1 ).
On examination, it could be seen that differences in measurement conditions of meteorological stations resulted in differences in the quality of climatological data. It is obvious that these differences affected the quality of climatological maps. With focus on assessing the quality of average maximum annual air temperature maps for the Karelia region, we analyzed data obtained from several meteorological stations over the period of 1890 to 1950 (Handbook on Climate of USSR, 1954). Specifically, we found that measurements of average maximum annual air temperature v in this dataset varied from 2 to 33 years (Table 2 ).
In order to take these differences into account, we suggest using an index called the ratio of number of years of measurements of average maximum annual air temperature on (i) meteorological station. We defined this index as follows:
where n i is the number of years of measurements on (i) meteorological station, and n max is maximal number of years of measurements on meteorological station.
Generally, the fuzzy indicator reflects an expert concept and is modeled by a suitable membership function. As stated above, the choice of a membership function is somewhat arbitrary and should mirror the subjective expert opinion. In this study, we selected the linear piecewise continuous function (Figure 2 ), where th low and th up are lower and upper threshold ratio values. In accordance with the expert concept, all ratio values which are < th low are considered to be negligible. Accordingly, all ratio values which are > th up are considered to be 1. 
Mathematically, the linear piecewise continuous function μ (ratio) is written as follows: Μ (ratio) = 0, ratio < th low (ratio -thl ow )/( th up -th low ), th low ≤ ratio ≤ th up 1, ratio > th up
In this study we assumed that th low = 0.2 and th up = 0.8.
Using this formula, we defined the local values of trust indicator for information of average maximum annual air temperature (Table 2 ). Then we generated the thematic trust indicator map for Karelia, Russia (Figure 3) . From Figure 3 , it can be observed that the trust indicator is close to zero in the thematic map content area.
Average minimum annual air temperature
To assess data quality of average minimum annual air temperature for the Karelia region, we gathered data from various meteorological stations covering the period from 1890 to 1950 (Handbook on Climate of USSR, 1954) . Using data from Table 1 , we generated a thematic map of average minimum annual air temperature (Figure 4) . We note that the number of measurement years varied from 3 to 52 (Table 3) .
Using study trust indicator approach, we defined local trust indicator values for average minimum annual air temperature (Table 3) . Next, we generated a trust indicator thematic map for Karelia, Russia ( Figure 5 ). From Figure 5 , it can be observed that the trust indicator is close to zero in the thematic map content area. 
Conclusion
An assessment of the quality climatological information plays an important role in decision making process in regards to research utilizing the information. This manuscript describes a fuzzy logic approach to assess data quality such as thematic data maps. By utilizing this newly developed approach, each thematic map can be associated with a "map of indicator", which illustrates the quality of thematic information described in the map. In other words, we can technically attach information regarding the quality of the data to an information product or even to each individual component of the data collected for the information product.
It this manuscript, a case of study of geo-referenced climatological data on average maximum annual air temperature and average minimum annual air temperature in the Karelia region of Russia was considered. In this case, Differences in years of data collection measurements from different meteorological stations varied from 2 to 33 years, which would have brought about differences in the quality of the data collected. Using the developed method, we evaluate these data and provide maps on average maximum annual air temperature and average minimum annual air temperature along with the associated maps of indicators for each of these data maps. The maps of "indicators" illustrates the quality of thematic information provided in the maps.
The initial result of utilization of fuzzy indicators for assessment of quality of climatological data has shown that this approach holds much promise.
